
TITLE OF THE INVENTION 

EXHAUST EMISSION CONTROL DEVICE OF 
INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates to an exhaust emission control 
device of an internal combustion engine. 

DESCRIPTION OF THE RELATED ART 

A three-way catalyst is widely used as the exhaust emission 
purification catalyst of an internal combustion engine. 
However, current three-way catalyst has a significantly low 
efficiency when the temperature is low. For this, various 
studies are being made to exploit catalysts which are highly 
active even at low temperatures to thereby decrease emission 
when the engine starts in low temperature conditions . 

U.S. Patent No. 5,776,417 discloses an exhaust emission 
control device using a catalyst which is highly active at 
relatively low temperature. 

SUMMARY OF THE INVENTION 

The CO oxidation catalyst used in the art described above 
is improved in activity at low temperatures, however, it is 
needless to say that it has higher activity at high temperatures . 
If a rise in temperature is accelerated, the efficiency of engine 
emission purification just after the engine starts gets improved . 



In view of this , the inventors of the present invention have 
made earnest studies concerning unused energy included in exhaust 
gas which energy is effective to accelerate a rise in temperature . 

In the above art, a low temperature light-off CO oxidation 
catalyst is used. Moreover, a HC trap is arranged upstream of 
the CO oxidation catalyst and a H 2 0 trap is further arranged 
upstream of the HC trap because the low temperature activity 
of the CO oxidation catalyst is disturbed by the presence of 
H 2 0 and HC. 

When the H 2 0 trap adsorbs H 2 0 contained in the exhaust 
gas from an engine, heat of adsorption and heat of condensation 
are emitted . This makes it possible to build up such a hypothesis 
that a rise in the temperature of the catalyst can be accelerated 
if these heats are utilized. The inventors have found that these 
heats are consumed to raise the temperature of the HC trap arranged 
downstream of the engine and an exhaust pipe and therefore make 
almost no contribution to a rise in the temperature of the catalyst 
in the above art . 

The inventors carried out experiments on the effect of 
the heat generated with the trap of H 2 0. A comparison was made 
between the case of arranging a HC trap next to a H 2 0 trap in 
the same manner as in the above art and the case of arranging 
a H 2 0 trap next to a HC trap. As a result, it was confirmed 
that the temperature of the gas flowing in the CO oxidation 
catalyst was higher and a rise in the temperature and activation 
of the oxidation catalyst were more accelerated in the latter 
case . 



The present invention has been made in view of the above 
experimental results and it is an object of the present invention 
to attain early activation of a CO oxidation catalyst by removing 
H 2 0 which is a component disturbing the activity of the catalyst 
and by making efficient use of the effect of raising temperature 
due to the adsorption heat and condensation heat of H 2 0 when 
the low temperature light -off CO oxidation catalyst is used. 

An exhaust emission control device according to the present 
invention comprises a CO oxidation catalyst having low 
temperature light -off characteristics and a H 2 0 trap arranged 
adjacent to and upstream of the CO oxidation catalyst. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an exhaust emission control 
device of an internal combustion engine according to the first 
embodiment of the present invention. 

FIG. 2 is a flow chart showing the control of the exhaust 
emission control device according to the first embodiment. 

FIG. 3A is a block diagram according to a comparative 
example wherein a HC trap is arranged downstream of a H 2 0 trap. 

FIG. 3B is a block diagram according to the present 
invention wherein a H 2 0 trap is arranged downstream of a HC trap . 

FIG. 3C is a graph showing the relationship between the 
structures of a catalyst and a trap in an exhaust emission control 
device and the time of the activation of the catalyst. 

FIG. 4 is a block diagram of an exhaust emission control 
device of an internal combustion engine according to the second 




embodiment of the present invention. 

FIG- 5 is a view showing a constituent example 1 of an 
underfloor catalyst according to the second embodiment. 

FIG. 6 is a view showing a constituent example 2 of an 
underfloor catalyst according to the second embodiment. 

FIG. 7A is a view showing an example A in which a H 2 0 trap 
is arranged as the upper layer and a CO oxidation catalyst is 
arranged as the lower layer in the constituent example 2 of the 
sP% underfloor catalyst according to the second embodiment. 
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FIG . 7B is a view showing an example B in which a CO oxidation 
catalyst is arranged as the upper layer and a H 2 0 trap is arranged 
as the lower layer in the constituent example 2 of the underfloor 
catalyst according to the second embodiment. 

FIG. 7C is a view showing an example C in which a H 2 0 trap 
and a CO oxidation catalyst are mixed with each other and supported 
in the constituent example 2 of the underfloor catalyst according 
to the second embodiment. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A first embodiment of the present invention will be 
explained with reference to FIG. 1. An exhaust pipe 2 from an 
engine body 1 is provided with an exhaust emission purification 
catalyst 3. Further, an underfloor catalyst system containing 
a CO oxidation catalyst 6 which has low light-off temperature 
properties is disposed downstream of the exhaust emission 
purification catalyst 3. 

The underfloor catalyst system CS has a structure in which 
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a HC trap 4, a H 2 0 trap 5 and the CO oxidation catalyst 6 are 
arranged in this order from the upstream side. Here, the H 2 0 
trap 5 is disposed not only at a position adjacent to and upstream 
of the CO oxidation catalyst 6 but also close to just the upstream 
side of the CO oxidation catalyst 6. A temperature sensor 7 
is attached to the CO oxidation catalyst 6. 

A secondary air introduction pipe 9 extending from an air 
pump 8 is connected between the HC trap 4 and the H 2 0 trap 5 . 
Here, the introduced secondary air is used to control a reaction 
running on the CO oxidation catalyst . 

The above exhaust catalyst 3 is a three-way catalyst 
obtained by coating a honeycomb support with alumina carrying 
at least one component selected from noble metals such as platinum 
(Pt), palladium (Pd) and rhodium (Rh) and has the properties 
that it purifies HC, CO and NOx at the same time when the exhaust 
air/fuel ratio agrees with the theoretical air/fuel ratio and 
HC and CO by an oxidation reaction when excessive air is present . 

As the above HC trap 4, a material obtained by coating 
a honeycomb support with a zeolite (for example, b- zeolite, 
A-type zeolite, Y-type zeolite, X-type zeolite, ZSM-5, USY, 
mordenite and ferrierite) is used. 

As the above H 2 0 trap 5 , a material obtained by coating 
a honeycomb support with a zeolite (for example, b- zeolite, 
A-type (3A, 4A, 5A and 13A) zeolite, Y-type zeolite, X-type 
zeolite, ZSM-5, USY, mordenite and ferrierite) is used- The 
A-type zeolite (particularly 5A) is particularly preferred. 

As the above CO oxidation catalyst 6 , a three-way catalyst 



obtained by coating a honeycomb support with ceria carrying at 
least one component selected from noble metals such as platinum 
(Pt), palladium (Pd) and rhodium (Rh) . However, any material 
having the properties (low temperature light -off properties) 
enabling highly efficient conversion of CO since when the 
temperature is low may be used. Such catalyst is called "low 
temperature light-off catalyst" , wherein "light-off" means that 
the catalyst starts a reasonable conversion efficiency. 

The above secondary air introduction pipe 9 may be disposed 
upstream of the CO oxidation catalyst 6 and downstream of the 
exhaust emission purification catalyst 3. However, if the 
secondary air introduction pipe 9 is disposed upstream of the 
HC trap 4, the SB of the HC trap 4 increases to thereby promote 
the dissociation of HC whereas if it is disposed downstream of 
the H 2 0 trap, H 2 0 which is a component disturbing activity of 
the catalyst in the secondary air flows into the CO oxidation 
catalyst 6. Therefore, secondary air introduction pipe 9 is 
preferably arranged between the HC trap 4 and the H 2 0 trap 5 . 

The control of the operation in this embodiment is carried 
out according to a flowchart of FIG. 2 . This routine is executed, 
for example, every one second. 

In step SI, the start temperature T sta rt of the CO oxidation 
catalyst which temperature is detected by a CO oxidation catalyst 
temperature sensor 7 and stored when the engine starts is read 
to judge whether the temperature T sta rt is less than a predetermined 
temperature a (for example, 200 °C) or not. 

If the temperature T sta rt < a, the CO oxidation catalyst 



6 is judged to be still inactivated and then the process is 
forwarded to step S2. 

In step S2 , the present temperature T ca t of the CO oxidation 
catalyst 6 which temperature is detected by the CO oxidation 
catalyst temperature sensor 7 is read to judge whether or not 
the temperature T ca t is made to be above a predetermined 
temperature c (for example, 600 °C) by treatment in step S3 as 
will be explained later. 

If the temperature T s tart ^ c , the CO oxidation catalyst 
6 is judged to be still inactivated and then the process is 
forwarded to step S3. 

In step S3, in order to introduce a large amount of CO 
and air into the CO oxidation catalyst 6 , a target fuel/air ratio 
TFBYA under the control of injection quantity is set to a 
predetermined fuel/air ratio (for example, 1.5) while the air 
pump 8 is allowed to operate, thereby supplying secondary air 
to set the ratio (Cat-In TFBYA) of exhaust fuel/air flowed into 
the CO oxidation catalyst 6 to a predetermined fuel/air ratio 
b (for example, 0.9) by the control of the secondary air. 

Here, the target fuel/air ratio TFBYA is the reciprocal 
of excess air ratio ? and takes 1 at the theoretical fuel/air 
ratio , a number more than 1 when excess fuel is present and a 
number less than 1 when excess air is present. When the target 
fuel/air ratio TFBYA is set, an injection quantity Tp is set 
by multiplying the basic injection quantity (K-Q a /N e ; K is 
constant) corresponding to the theoretical air/fuel ratio and 
determined by an intake air flow Q a and an engine speed N e by 



the target fuel/air ratio TFBYA . Based on the injection quantity 
T p , a fuel injection valve on the side of the engine 1 is driven 
to inject fuel. 

Moreover, the amount of secondary air is set by the 
injection quantity T p , the intake air flow Q a , the predetermined 
fuel/air ratio R and the predetermined fuel/air ratio b. The 
predetermined fuel/air ratio R and the predetermined fuel/air 
ratio b are found in advance by experiments. 

Such a treatment in step S3 allows an oxidation reaction 
to proceed between a large amount of CO and air to promote a 
rise in the temperature of the CO oxidation catalyst 6 due to 
reaction heat . If T act = c, the CO oxidation catalyst 6 is judged 
to be in an activated condition based on the judgment in step 
S2 in the routine on and after the next time and then the process 
is forwarded to step S4. The predetermined temperature c is 
found in advance by experiments. 

In step S4, the target fuel/air ratio TFBYA is returned 
to a normal and also the air pump 8 is terminated to stop supplying 
the secondary air whereby the engine control is returned to 
normal . 

On the other hand, when T sta rt = a in the judgment of step 
SI, the CO oxidation catalyst 6 is judged to be in an activated 
condition and then the process is forwarded to step S4. In step 
S4 , the target fuel/air ratio TFBYA is set to normal and secondary 
air is not supplied by the air pump 8 to bring the system under 
normal engine control . The predetermined temperature a is found 
in advance by experiments. It is to be noted that the following 
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method may be adopted in step SI . Specifically, the temperature 
of engine water when the engine starts is detected instead of 
the temperature of the CO oxidation catalyst when the engine 
starts and based on this result, the decision is made in the 
same manner as above, 

FIG . 3C shows the results of experiments for car evaluation 
when the constitution A (comparative example) and the 
constitution B (present invention) are used in an underfloor 
catalyst system shown in FIG. 1. 

A rise in the temperature of the inlet for the CO oxidation 
catalyst when the engine starts at low temperatures is more 
significant in the case of the constitution B (present invention) 
in which the HC trap, the H 2 0 trap and the CO oxidation catalyst 
are arranged in this order from the upstream side to dispose 
the H 2 0 trap just upstream of the CO oxidation catalyst than 
in the case of the constitution A (comparative example) in which 
the H 2 0 trap , the HC trap and the CO oxidation catalyst are arranged 
in this order from the upstream side . Therefore , the CO oxidation 
catalyst is early activated in the case of the present invention. 
This is because the adsorption heat and condensation heat of 
H 2 0 in the H 2 0 trap contribute efficiently to a rise in the exhaust 
gas temperature. In the case of the constitution A, because 
these generated heats are consumed for heating of the exhaust 
pipe and for heat radiation from the exhaust pipe, they do not 
contribute efficiently to a rise in the exhaust gas temperature. 

Next, a second embodiment of the present invention will 
be explained. 
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FIG- 4 shows a block diagram of an engine exhaust system 
in this embodiment. The same elements as those in FIG. 1 are 
represented by the same reference numerals. 

An exhaust pipe 2 from an engine body 1 is provided with 
an exhaust emission purification catalyst 3. An underfloor 
catalyst 10 including a CO oxidation catalyst which has low 
light -of f temperature characteristics and a H 2 0 trap is disposed 
downstream of the exhaust emission purification catalyst. 

A secondary air introduction pipe 9 extending from an air 

O 

!J5 pump 8 is connected between the exhaust emission purification 

& 

'\J catalyst 3 and the underfloor catalyst 10. The secondary air 

ipj introduced here is used to control a reaction in the CO oxidation 

; y 

jfgji catalyst 6 . 

»„ The air/fuel ratio and the amount of the secondary air 

T1 are controlled based on signals from a temperature sensor 7 

^ attached to the underfloor catalyst 10 according to a flowchart 

H of FIG. 2 described above. 

The constituent examples of the underfloor catalyst 10 
are shown in FIG. 5, FIG. 6 and FIGs . 7A to 7C. 

The constituent example of FIG. 6 is obtained by allowing 
the CO oxidation catalyst and the H 2 0 trap to be coated on the 
same honeycomb support by separately applying the both layer- wise 
or mixing the both. Because the both are disposed very close 
to each other, the effect of a rise in temperature due to the 
adsorption heat of H 2 0 can be utilized in an efficient manner. 

In three types of constitution shown in FIGs. 7A to 7C, 
there is no large difference in temperature rise properties. 
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However, a structure in which the H 2 0 trap is arranged as the 
upper layer as shown in FIG . 7A is desirable to efficiently remove 
H 2 0 which is a component disturbing the activity of the catalyst . 

It is to be noted that although the HC trap is omitted 
in this embodiment , it may be disposed downstream of the exhaust 
emission purification catalyst 3 and the secondary air 
introduction pipe 9 and upstream of the underfloor catalyst 10 
containing the CO oxidation catalyst and the H 2 0 trap. 

The contents of Japanese Patent Application No. 
2000-337,073 ( filed November 6, 2000) are incorporated herein 
by reference. 

Although the invention has been described above by 
reference to certain embodiments of the invention, the invention 
is not limited to the embodiments described above . Modifications 
and variations of the embodiments described above will occur 
to those skilled in the art, in light of the above teachings. 
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